Mobility of norbornane-type substrates and water accessibility in cytochrome P-450cam.
The behaviour of norbornane-type substrates bound to oxidised cytochrome P-450cam (CYP 101) in 60% (w/w) glycerol-containing phosphate buffer was investigated using electronic absorption spectroscopy. The high-pressure dependence study revealed that the value of the spin-state reaction-volume change decreased from -70 to -22.8 cm3/mol with decreasing high-spin state content from 99 to 63%. Simultaneously, the values for the enthalpy and entropy determined from the low-temperature dependence of the spin-state transition decreased from 73.7 to 24.3 kJ/mol and from 310.4 to 88.9 J/mol K, respectively. Under our experimental conditions the pH-value of the buffer remained at low temperatures and high pressures in the range of pH 7-8, in which no pH-value-induced spin-state conversion occurred. Therefore, the secondary effect of the temperature and pressure-induced pH change can be disregarded as being responsible for the observed spin-state transition effects. Substrate dissociation constants were determined. From the temperature-jump experiments (297 K to 180 K) we found a higher mobility in the active site for the substrates in the sequence (1R)-camphor, (1S)-camphor, camphane, (1R)- and (1S)-camphorquinone, norcamphor, and norbornane. Our findings can be explained by the incomplete fit of the methyl groups of the norbornane-type substrate to the protein, in particular to the I-helix, predominantly determining the substrate mobility and water accessibility to the protein.